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Fig. S1. Site specific map of the most common glycan modifications of the most common serum 
glycoproteins (excluding immunoglobulins). Putative structures and locations of the site-specific 
glycans that were monitored in this study. The structures represent the most common glycans occurring 
at each glycosylation site. Some glycosylation sites can be expressed without a modifying glycan, in 
which case the non-glycosylated version was also monitored. For each protein a non-glycosylated 
reference peptide, bolded sequence, present across all glycoforms was used to calculate the relative 
abundance of each glycoform (i.e. area under the curve of the glycoform divided by the area under the 
curve of the non-glycosylated reference peptide).



………TPLTATLSK………

Immunoglobulin heavy constant alpha 1/2 (IgA1/2)

………LSLHRPALEDLLLGSEAN144/131LTCTLTGIR………WLQGSQELPR…

Immunoglobulin heavy constant alpha 2 (IgA2)

………DASGATFTWTPSSGK………TPLTAN205ITK………

Immunoglobulin heavy constant gamma 2 (IgG2)
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Immunoglobulin heavy constant mu (IgM)
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IgG4: ………EEQFN177STYR……TTPPVLDSDGSFFLYSR….

Immunoglobulin J chain
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Fig. S2. Site specific glycan map for the Immunoglobulins (Igs). The CH2 84.4 Ig glycosylation site 
is conserved across all IgG subclasses (IgG1-4). Glycans at this site and other sites across the different 
Ig classes (IgA, IgG, IgM, and J chain) were monitored. To provide the relative abundance of each IgG 
subclass (IgG1-4) the abundance of subclass-specific non-glycosylated peptides were calculated relative 
to a single non-glycosylated peptide common to all IgG subclasses (IgG1-4). In addition, glycosylated 
peptides within each subclass were determined relative to a non-glycosylated peptide common to all 
glycoforms.  For IgG3 and IgG4 the glycosylated peptides amino acid sequence was identical, unable to 
distinguish between the two similar Ig subclasses. Thus, glycosylated peptides from this region are 
referred to as IgG3/4.
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Fig. S3. Site-specific inter-protein and intra-protein glycan associations. To visualize the 16,742 
correlations presented in Data File S1, a machine learning dimensionality reduction strategy, t-
Distributed Stochastic Neighbor Embedding, was used. Individual glycosylation sites are represented as 
distinct symbols. Each copy of the symbol represents a unique glycan occurring at that site. The distance 
between any two symbols represents the strength of the glycan pair’s Pearson Product Moment 
Correlation Coefficient such that strongly correlating glycans are located close to each other. From this 
diagram it is apparent that there are both intra-protein and intra-protein glycan correlations. In addition, 
correlations are grouped into clusters indicating that not all glycosylation sites within a protein correlate 
with one another.
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Fig. S4. Age and gender distribution of participants. (A) Histogram of age distribution for healthy controls. (B) Box plot of 
age distribution by gender within the healthy control group. 
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Fig. S5. Metanalysis of glycan associations with age. Forest plots were generated to estimate the Pearson Product Moment 
Correlation Coefficients (which is abbreviated as “r”) between the relative abundances of the indicated glycans and age. In these 
plots the confidence interval for each dataset is represented by the horizontal lines and the area of each square is proportional to 
the study’s weight in the metanalysis. The final random effects models (RE model) represent the weighted average of the glycan 
correlations across the different independent data sets and 95% confidence intervals are provided for the given glycan’s 
correlation with age. In each presented case, the confidence interval did not cross zero, although in 4 out of the 12 cases (IgA1/2 
p:144 g:5402, IgG2 g:3510, IgG2 g:5411, and IgM p:209 g:5412) the residual heterogeneity was significant, meaning that the 
variation in glycan age correlations between datasets was high.



Data Set 1

Data Set 3

Data Set 4

Dataset Weight SMD [95% CI]

A2HSG p:346 g:1101

0.74[0.36, 1.12]

0.82[0.38, 1.25]77.04%

6.41% 0.68[-0.82, 2.18]

0.41[-0.53, 1.34]16.55%

P = 0.00013
Heterogeneity test P = 0.73

RE Model

Data Set 1

Data Set 3

Data Set 4

Dataset Weight SMD [95% CI]

A2MG (mg/mL)

-0.81[-1.20, -0.43]

-0.84[-1.28, -0.41]77.49% 

6.49% -0.66[-2.16, 0.84]

16.02% -0.72[-1.68, 0.23]

P = 3e-05
Heterogeneity test P = 0.95

RE Model

AGP1 p:103 g:7602
WeightSMD[95% CI]Dataset

Discovery

Test

Validation 1

Data Set 1

Data Set 3

Data Set 4

Dataset Weight SMD [95% CI]

AGP12 p:56 g:6502 

-0.75[-1.12, -0.37]

-0.71[-1.14, -0.28]78.15%

-1.58[-3.15, 0.00]5.77%

-0.62[-1.56, 0.33]16.08%

P = 0.00012
Heterogeneity test P = 0.56

RE Model

Data Set 1

Data Set 3

Data Set 4

Dataset Weight SMD [95% CI]

AGP1 p:103 g:7602

-1.05[-1.58, -0.52]

-1.18[-2.18, -0.18]23.08%

-2.30[-3.98, -0.62]9.31%

-0.83[-1.27, -0.40]67.61%

P = 0.00012
Heterogeneity test P = 0.23

RE Model

Data Set 1

Data Set 3

Data Set 4

Dataset Weight SMD [95% CI]

Hp p:207 g:10804

0.65[0.27, 1.03]

0.67[0.25, 1.10]77.92%

0.08[-1.40, 1.56]6.49%

0.76[-0.20, 1.71]15.59%

P = 0.00076
Heterogeneity test P = 0.73

RE Model

Data Set 1
Data Set 2
Data Set 3
Data Set 4

Dataset Weight SMD [95% CI]

Relative IgM

-0.70[-0.98, -0.42]

-0.69[-1.12, -0.27]43.23%

-0.70[-1.13, -0.28]44.58%

-0.43[-1.92, 1.06]3.58%

-0.79[-1.75, 0.17]8.62%

P = 1.2e-06
Heterogeneity test P = 0.98

RE Model

Data Set 1
Data Set 2
Data Set 3
Data Set 4

Dataset Weight SMD [95% CI]

IgM (mg/mL)

-0.90 [-1.19, -0.61]

-0.90 [-1.34, -0.47]43.17%

-0.85 [-1.27, -0.42]45.09%

-0.79 [-2.30, 0.71]3.61%

-1.21 [-2.22, -0.21]8.13%

P = 7.6e-10
Heterogeneity test P = 0.93

RE Model

Data Set 1

Data Set 3

Data Set 4

Dataset Weight SMD [95% CI]

A2HSG (mg/mL)

-0.86[-1.25, -0.48]

P = 1e-05
Heterogeneity test P = 0.99

RE Model

-0.86[-1.29, -0.42]77.99%

-0.80[-2.31, 0.71]6.47% 

-0.93[-1.90, 0.05]15.55%

p-value: 1e-05
p-value for test for (residual) heterogeneity: 0.99

Data Set 1

Data Set 3

RE Model

Dataset Weight SMD [95% CI]

A1AT p:271 g:5412

0.84[0.43, 1.26]

P = 7e-05
Heterogeneity test P = 0.33

0.79[0.36, 1.22]93.08%

1.61[0.02, 3.19]6.92%

SMD
-1 -0.5 0 0.5 1

SMD
-1 -0.5 0 0.5 1

SMD
-1 -0.5 0 0.5 1

SMD
-1 -0.5 0 0.5 1

SMD
-1 -0.5 0 0.5 1

SMD
-1 -0.5 0 0.5 1SMD

-1 -0.5 0 0.5 1

SMD
-1 -0.5 0 0.5 1

SMD
-1 -0.5 0 0.5 1

Fig. S6. Meta-analysis of glycan associations with gender. Forest plots were generated to estimate the relative abundance of 
the indicated glycans or proteins across gender. In each case a final Random effects model (RE model) was constructed to 
represent the weighted average and 95% confidence interval for a given glycan’s abundance. In each presented case the 
confidence interval did not cross zero and in all cases the residual heterogeneity was not statistically significant. In these plots 
the confidence interval for each dataset is represented by the horizontal lines and the area of each square is proportional to the 
study’s weight in the meta-analysis.
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Fig. S7. Performance of age models with differing number of predictors (n). (A) Linear regression 
model performance improved with incorporation of additional glycans until 5 glycans were incorporated.
(B) The performance of the linear regression model comprised of both glycoforms and serum protein 
concentrations improved until 7 analytes were incorporated. n = 7 was chosen as the final model. A 
comprehensive list of all analytes included in the age prediction models can be found in Table S8.



IgG1- 2234-PEP DTLMISR

HPT-PEP VTSIQDWVQK

AGP1/2-PEP TEDTIFLR

TF-GP 630 5402

HPT-GP 184 5402

A1AT-GP 5402

IgG1/2-GP 144 5401

A1AT-GP 271 5402

A1AT-GP 74 2230

APOC3-GP 74 1300

Fig. S8. Dynamic multiple reaction monitoring mass spectrometry (MRM MS). Spectrum generated by QQQ mass spectrometry are shown. 
The MRM MS technique is dependent on predetermined knowledge of each glycopeptide’s retention time and its collision-induced 
dissociation (CID) pattern (Table S1). The development of the annotated libraries containing this information have been well described 17,35,36.  
Knowledge of the CID pattern and analyte retention time allows for single transition monitoring of over 1000 speci�c glycopeptides. 
Representative compounds are shown.

IgG1-GP 297 4400

IgM-GP 209 5510


	title
	Supplementary Figures_Age
	Figs. S1 to S12.pdf
	Fig. S1
	Seperate figure legends
	Fig. S2
	Seperate figure legends
	Fig. S3
	Seperate figure legends
	Fig. S4
	Fig. S5
	Fig. S6
	Fig. S7





